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1.0 Introduction 
 
 
The polypore Heterobasidion parviporum causes severe decay problems especially on Norway spruce (Picea 
abies) in Finland.  H. parviporum has been found much less in mire (peatland) forests than in mineral soil 
forests, where the fungi is considered more harmful. It is not well known, why H. parviporum is not found as 
much in mire forests than in mineral soil forests, this therefore necessitates further investigation and was 
central to our research objective. The purpose of this study was to investigate, if H. parviporum might become 
more common and severe in the forestry use drained mire soils and cause as great rot losses as in the mineral 
soil forests. 
 
1.1 Distribution of Heterobasidion annosum species 
 
H. annosum species complex originated roughly 60 Million years ago (Dalman et al. 2010). There are five 
species in Heterobasidion annosum (Fr.) Bref. sensu lato (s.l.) species complex. H. irregulare and H. occidentale 
can be found in North America. H. annosum s.s., H. parviporum and H. abietinum are located in Europe. The 
species are not easily hybridized (Dalman et al. 2010). Closest species in Heterobasidion complex with H. 
parviporum is H. abietinum. Their origin is in eastern Asia (Dalman et al. 2010). However, H. abietinum does not 
exist in Northern Eurasia. H. parviporum is assumed to spread from southern Europe and the southern parts of 
Ural mountain region to its present distribution range after the last glaciation period (Dalman et al. 2010). 
According to Niemelä et al. (2005), H. parviporum can be found from mature spruce forests in Finland, but it is 
much more common in southern Finland and quite rare in northern Finland (Fig. 1.). H. annosum is common in 
the pine dominated forests in southern and southeast Finland (Niemelä et al. 2005). Mature spruce stands free 
of root and butt rot are very rare in southern Finland (Piri & Korhonen 2001). Other common butt rot causing 
fungi of Picea abies in Finland are Armillaria spp. and Stereum sanguinolentum (Lipponen & Korhonen 2002). S. 
sanguinolentum is commonly known as bleeding conifer parchment. However, it occurs on coniferous and 
deciduous trees. Other decay fungi isolated from P. abies stumps are Resinicium bicolor, Sistotrema 
brinkmannii, Fomitopsis pinicola and Phlebiopsis gigantea (Piri 1996). These decay fungi were found mostly 
from H. parviporum infected spruce dominated stands. 
 
Terms 
The concepts from Finnish language are avoided in the text, if the established English concepts do not exist. All the 
studied peatland sites in non-disturbed “natural” condition are named as “mires”, without more accurate definition (e.g. 
bog, fen or swamp). Ditched mires can be named as peatlands to separate them from mineral land (Ruotsalainen 2007). 
The term “peatland” include all kind of soils that contain peat, which makes the term use problematic, if the site is 
drained or in natural condition. That is why the mires in natural condition are named as “undrained mires”, and mires 
with ditches are named as “ditched- or drained mires”. The sites without peat layer are named “mineral soils” in the text.  
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Figure 1. Spruce and pine risk areas of Heterobasidion butt rot in Finland. The other common butt rot causing fungi are 
Armillaria spp. and Stereum sanguinolentum. The area of this study is marked with red spot. Map is modified from the 
Lipponen & Korhonen’s (2002, p. 243) map about Heterobasidion butt-rot.  
 
1.2 Biology of Heterobasidion parviporum 
 
European S-intersterility group of H. annosum causes butt and heart wood decay mostly in Norway spruce 
(Picea abies (L.) Karsten). It attacks other conifers as well (Korhonen 1978). Another host tree species for the 
fungus is Siberian fir (Abies sibirica). It was found growing in natural forest in Ural Mountain region of Russia 
(Korhonen et al. 1997).  
S-intersterility group was later considered as true species of H. annosum, and it was named as Heterobasidion 
parviporum (Niemelä & Korhonen 1998).  
The polypore H. annosum (and H. parviporum) is a parasitic and saprotrophic fungus (Webster 1996). The 
concept “saprotrophic” refers to an organism, which lives on dead organic matter. The parasite is an organism, 
which benefits at the expense of the living host. In this case, these concepts linked together means that the 
fungi can live on the dead cells of the living host tree. Heterobasidion spreads via sexual basidiospores, asexual 
conidiospores and fungal mycelium (Uotila & Kankaanhuhta 1999). The type of rot that H. annosum and H. 
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parviporum causes is white-rot (Niemelä et al. 2005). White-rot fungi decompose all the three components of 
wood (cellulose, hemicelluloses, lignin) (Niemelä et al. 2005). The wood color changes to brown at the first 
phase of the decay. As the decay continues, lignin decomposes faster than cellulose, and visible white spots 
(rice grain shape) may be developed in the wood material; white rot (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). H. annosum causes root rot, and it 
can kill its host tree (Niemelä et al. 2005). Both species can live on dead wood. 
The fungus H. parviporum can live for many decades in one spot. Piri (1996) found H. parviporum alive in 
stumps of Norway spruce that had been cut for 46 years ago. Long survival of the fungus was thought to be 
caused by slow decomposition rate in northern boreal forests (Piri 1996). The decomposition rate is faster in 
warmer climatic conditions, overall. In living trees, the fungus grows fastest in the heartwood of stem and 
roots. The rotting proceeds for many years in the heartwood, making the interior (heartwood) of root and butt 
hollow. In dead tree, the fungal mycelium spreads evenly in the whole tree (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). Mean height of butt-rot in Southern 
Finland is from three to four metres and mean diameter is 20 cm (Tamminen 1985). H. parviporum usually does 
not necessarily kill spruce, but trees with rotten roots or stem break down in strong winds (Niemelä et al. 
2005). Spruce response to Heterobasidion infection is a quantitative trait under polygenic control (Arnerup et 
al. 2010). Environmental factors are concluded to have a strong influence on the response of Norway spruce to 
infection with H. parviporum (Arnerup et al. 2010). Resistance to infection by H. parviporum is supposed to be 
significantly influenced by host tree (P. abies) genetics (Karlsson et al. 2008). Rodriguez et al. (2009) found 
significant differences in the percentage of wood decay between the two H. parviporum isolates of Finnish 
origin (Rodriguez et al. 2009). Knowledge about the influence of the environmental factors and host tree 
genetics for Heterobasidion damages is increasing as new studies are published, and new techniques and 
methods are introduced.   
 
1.3 Identification of Heterobasidion species 
 
One method for identification of Heterobasidion spp. in the field is with aid of its fruit body. H. annosum and H. 
parviporum can be differentiated quite reliably according to the features of their fruit body (Niemelä et al. 
2005). The spores of the fruit body of H. parviporum are smaller in diameter than that of H. annosum (Uotila & 
Kankaanhuhta 1999). Heterobasidion species do not form fruit body in plate cultures in laboratory conditions. 
Without the fruit body, the species can be determined by sexual compatibility tests, or by using DNA-
technique. The sexual compatibility between different fungal (Heterobasidion spp.) populations can be 
determined by pairing a homokaryotic population with another one in a suitable growth media (e.g. malt 
extract agar). The sexual compatibility can be seen with microscope as clamp connections in the fungal 
mycelium after one month incubation at room temperature (Dai et al. 2003). The adjective ‘homokaryotic’ in 
mycology refers to multinucleate cells having all nuclei genetically identical; homokaryotic cells are formed 
during asexual reproduction. PCR-based primer system have been developed, which can be used for the 
detection and identification of H. annosum and H. parviporum directly from infected wood material.  Such 
identification method has been applied in northern Europe (Hantula & Vainio 2003).  
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1.4 Control of Heterobasidion 
 
The indirect impacts of butt-rot include increases in storm damages and in harvesting costs as well as 
treatment of infected stands (Tamminen 1985). Rot damaged wood cannot be sawed for logs, but it can be 
used for pulp industry or burned (Verdera 2013). In Europe, yearly losses caused by Heterobasidion are 
estimated to 790 million euros (Stenlid & Redfern 1998). In Finland losses are estimated at 15-35 million € 
(Verdera 2013). Saw timber losses (and monetary losses) can be huge, even 60 % on average of the total 
volume of the harvested timber (Mattila & Nuutinen 2007).  
Airborne Heterobasidion infections can be controlled by thinning at winter periods, stump treatment with urea 
or P. gigantea (Oliva et al. 2010). The majority of the mature spruce stands (established on old spruce sites) in 
southern Finland have been thinned in winter, when the risk of stump infection is low. Still, H. parviporum 
spreads after winter thinning in many spruce dominated stands, because there is fungal inoculum from the 
previously harvested tree generation (Piri & Korhonen 2008). Rot originating from former rotations could be 
more important than airborne infection of thinning stumps in already rotted stands (Oliva et al. 2010). Advance 
growth of Norway spruce should not be used for regeneration on heavily H. parviporum infested sites (Piri & 
Korhonen 2001). The easiest way to control Heterobasidion is to change the primary tree species. The most 
resistant tree species for H. parviporum infested Norway spruce sites is Aspen (Populus tremula), Silver birch 
(Betula pendula) and then Scots pine (P. sylvestris) (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). If infected site is regenerated to a 
pure spruce stand, losses caused by H. parviporum tend to increase in the following spruce stand (Piri 1996). 
For sites infected by H. annosum, pine and spruce should not be planted (Hantula & Vainio 2003). Planting with 
Silver birch requires that the soil is good enough for the tree species (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). 
H. annosum and H. parviporum can also be controlled by chemical urea solution and biological pesticide 
(Phlebiopsis gigantea) (Metla 2010: http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). 
Oliva et al. (2008) studied long-term effect of urea treatment against root and butt rot of Norway spruce. They 
found that treatment of freshly cut P. abies stumps with urea has a reliable protection against Heterobasidion 
root rot (Oliva et al. 2008). The protective effect of urea against germination and growth of H. annosum is 
caused by a pH rise to above pH 7. “The rise in pH in urea-treated stumps is caused by ammonia formation 
from urea hydrolysis” (Johansson et al. 2002). Rotstop is a biological pesticide (P. gigantea) developed for H. 
annosum and H. parviporum. It can be used on P. abies and P. sylvestris stumps (Korhonen et al. 1994, ref. 
Vasiliauskas et al. 2004). P. gigantea is antagonistic to H. annosum and H. parviporum. For example, soil fungi 
Trichoderma viride (mold) and Aspergillus flavus are antagonistic, and can be used to control soil-borne plant 
pathogenic fungi such as  Athelia rolfsii [former latin genus: Sclerotium] (Khetmalas et al. 1984). Rotstop is 
reported to reduce the further spread of Heterobasidion, and allowing the colonization of stumps by many 
other species of fungi. Rotstop also restricts the substrate availability for the growth of many species of fungi. 
However, the Rotstop-solution does not prevent initial infections of fresh stump surfaces by Heterobasidion 
species (Vasiliauskas et al. 2004). P. gigantea may have no chance to overtake H. parviorum if it is already 
present in a stump (Pettersson et al. 2003). The size of Heterobasidion colonies is studied to be much smaller in 
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Rotstop treated stumps as compared with non treated stumps (Vasiliauskas et al. 2004). P. gigantea prevents 
Heterobasidion spread more efficiently than urea, which acts against air dispersed spores, but the protective 
effect restricts it to the stump surface only (Uotila & Kankaanhuhta 1999). P. gigantea colonizes also the 
stump’s butt and part of the root system, which disturbs Heterobasidion spreading further down in the root 
system (Uotila & Kankaanhuhta 1999). However, spreading of one or a few isolates of a certain decay fungus 
(P. gigantea for instance) in forests in many countries can cause problems (Johansson et al. 2002). However, it 
has been reported that for biocontrol usage, P. gigantea does not pose a threat to other soil fungi (Menkis et 
al. 2012).  
Removal of cut stumps has been proposed to reduce root diseases in harvested stands (Zabowski et al. 2008). 
The idea of stump removal is to take suitable nutrient sources for decomposer organisms away from the 
infected site, and to avoid infection of the next tree generation. The removed stumps can be used for 
bioenergy. In Finland, stumps are removed mainly from P. abies dominated clear-felled stands (Halonen 2004, 
ref. Kataja-Aho et al. 2011). Kataja-Aho et al. (2011) studied short term effects of P. abies stump removal on 
soil decomposer communities. They found the stump removal did not induce further extreme and consistent 
changes in the decomposer community. However, nematodes were affected negatively by the stump removal. 
“Stump removal increases the disturbance in the soil, especially in the major part of soil organic layer”. Still, the 
effects of the stump removal on forest ecosystem are poorly known, because it is relatively new forestry 
practice (Kataja-Aho et al. 2011). Oliva et al. (2010) recommended Heterobasidion control treatments should 
be applied during thinning operations of Heterobasidion free stands. 
 
1.5 Decomposition and carbon balance in mire 
 
There are a number of factors that affect decomposition processes. Climate, soil organisms (nematodes etc.) 
and amount of soil carbon also affects the decomposition rates. Climatic variables are temperature 
(temperature sum and annual mean temperature), precipitation and evapotranspiration for instance. In 
addition, initial nitrogen and phosphorus contents of litter, site factors such as soil chemistry and texture, and 
microclimate which is created by stand structure, have an effect on the decomposition of organic matter (Berg 
& McClaugherty 2008). Soil temperature and moisture have effects on plant growth, decomposition, and 
nutrient cycling. Anaerobic conditions cause decomposition rates to decrease (Chimner et al. 2002). Soil 
organisms, such as protozoans, nematodes, annelids, and arthropods also have effect on decomposition by 
their feeding activities. For example, micro-arthropods like mites, are fragmenting organic matter while feeding 
(Seastedt 1984). Also, the carbon source largely determines which group of soil microorganisms (bacteria or 
fungi) is favoured. Meidute et al. (2008) studied fungal and bacterial (living in soil) growth in soil with different 
carbon (glucose and celluloce) and nitrogen sources. They found bacteria had antagonistic effects on the fungi, 
and both bacteria and fungi were favoured by an easily available carbon source (glucose). Many of these 
studies were based on mineral soil but not much is known from peat containing mires. 
“Peat is partially decomposed plant materials” (Clymo 1984). Peat accumulates as long as plant production of 
new peat (carbon sequestration) is greater than the peat decomposition. A natural peatland consists of three 
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different layers in their function. Living plants accumulate carbon through photosynthesis at the top layer. 
Plant litter is buried by new litter which is produced in the following year. The carbon accumulates in the 
acrotelm. Fungi and bacteria are responsible for the highest rates of decomposition, which occurs in the 
acrotelm. Thin (< 0.5 m) acrotelm is seasonally water saturated, which makes it aerobic for the part of the year. 
Depending on the position of the water table, the organic matter is decomposed either aerobically or 
anaerobically. Partly decomposed litter then enters the catotelm, which is permanently water saturated. There 
decomposition rate is very slow and it is done only by anaerobic bacteria. Thickness of the catotelm can be 
several meters, and significant amounts of carbon can be stored there. The density of the organic matter 
increases deeper in the catotelm with smaller amount of water in it (Clymo 1984). Anaerobic decomposition 
causes methane production. Peat accumulation and decay in mire is a slow process, and its age can be 
thousands of years. 
 
 
1.6 Known factors affecting Heterobasidion occurrence 
 
1.6.1 Oxygen, pH and temperature 
 
H. annosum is able to grow at very low oxygen pressures, down to 0.2 mm Hg (Zycha 1937, Gundersen 1961, 
Courtois 1973, ref. Korhonen & Stenlid 1998, p. 56). H. annosum and H. parviporum may be adapted to the low 
oxygen concentrations (mm Hg 0.1 - 20) of tree roots and stems (Lindberg 1992). H. annosum has a greater 
capacity of increasing its growth rate when the oxygen pressure is increased. The reason for that might be its 
broader host range (Lindberg 1992). Complete soil water saturation is unfavourable to H. annosum (Camy et al. 
2003). Optimal moisture content for H. annosum colonization of Picea sitchensis is 30-70 % of the saturation 
(Redfern 1993). High wood moisture content causes too low amount of oxygen in the wood, which is an 
important limiting factor in the growth of Heterobasidion in the sapwood of living trees and freshly cut stumps 
(Worrall & Parmeter 1983, Bendz-Hellgren & Stenlid 1998). H. annosum (S- and P-type) grows in a wide range 
of pH and different isolates show high variations in reaction to pH. In pure culture the mycelium grows when 
the initial pH of the substrate is 3.5-7.5. The optimum is between 4 and 5.7 (Korhonen & Stenlid 1998). In very 
acidic sites and in the peatlands, with pH < 3, H. parviporum generally does not occur often (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). Mycelial growth of Heterobasidion 
takes place above 0-2 °C, with an optimum at 22-28 °C. The growth stops above 32-37 °C, and the fungus dies 
in two hours at 38-45 °C, depending on the isolate (Korhonen & Stenlid 1998). 
 
1.6.2 Other factors  
 
Many factors have been reported to affect the severity and risk of the Heterobasidion infection and damages.  
Human activity (thinning and former land use) is reported to be the most important factor favouring the spread 
of the disease (Stenlid 1987, Vollbrecht & Agestam 1995, Stenlid & Redfern 1998). Mattila and Nuutinen (2007) 
reported human activity and high productivity of the sites increase the risk of butt rot damage. However, they 
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also found that previous cuttings in stand did not have much effect on the probability of butt rot damages. In 
managed forests, cut stumps act as a selective substrate for Heterobasidion and other root rot fungi (Stenlid & 
Redfern 1998, Lonsdale et al. 2008). High risk of Heterobasidion damage has been connected with fast growth 
of trees and high fertility of the site, high pH and calcium content, low organic matter content and relatively 
high content of sand in the soil (Alexander et al. 1975, Korhonen & Stenlid 1998, Stenlid & Redfern 1998). 
According to Tamminen (1985), site fertility, stoniness and paludification have a significant effect on the butt-
rot frequency. “Paludification” means peat formation; mineral soil site is turned into mire site. Very poor sites 
are also reported to increase the susceptibility to H. annosum infection (Puddu et al. 2003). Increase in the 
mean age of the dominant spruce trees and the proportion of deciduous trees increased the relative H. 
parviporum rot frequency (Kaarna-Vuorinen 2000). Butt rot increased in older forest tree stand (over 40 years 
old) (Arhipova et al. 2011). Trees growing on slopes have been reported to be more susceptible to rot (Falck 
1930, Huse 1983, ref. Tamminen 1985). Snow rich and cold winter climate might be very important factor 
limiting the spread of Heterobasidion butt rot in Finland (Mattila & Nuutinen 2007). Forest with multiple tree 
species is also presumed to prevent the spread of root rot because common root contacts between spruces 
decreases (Rennerfelt 1946, Hyppel 1975, ref. Kaarna-Vuorinen 2000). Other tree species did not have effect 
on butt rot frequency in a forest stand according to Arhipova’s et al. (2011). In higher forest stands (hills, slopes 
etc.) the probability of butt rot damage is smaller as in lower stands (Mattila & Nuutinen 2007). The most 
important factor which helps in the spread of Heterobasidion-rot, is apparently human; but site properties also 
have an effect. 
 
1.7 Ditching of mires 
 
Presently, there are 4.1 million hectares of non-ditched mires in Finland and 0.8 (20 %) of that is forestland 
(Tomppo 2002). Virtually, economically important logging operations are rare and clear-cuttings are avoided in 
non-ditched mires in Finland; (Päivänen 2007, p. 203). The reason for this is partly   because the logging 
operations in those sites would increase the groundwater surface level, which decreases the growth conditions 
of trees. Overall, trees are more susceptible to logging damages in peatlands than in mineral lands 
(Ruotsalainen 2007). In Finland, ditched forest sites are mainly peatlands (Mattila & Nuutinen 2007). According 
to Finnish forest research institute, 4.8 million ha of mires in Finland have been ditched, and 4.0 million ha (85 
%) of that is forestland which is suitable for wood production (Tomppo 2002). “Ditched forest sites are 
considered suitable for wood production and cutting operations” (Mattila & Nuutinen 2007). Most of the mires 
were ditched from the year 1960 to 1974 (Päivänen 2007, p. 158). Ditching of new sites ended in the year 2000, 
and the ditches already made could be used for maintaining the wood production capacity. Most of the forests 
in ditched mires have reached the age of harvesting or clear-cutting (Ruotsalainen 2007). The objective for the 
ditches is to hold the level of ground water in 30 – 50 cm depth from soil surface (Ruotsalainen 2007). Ditching 
of mires has many effects. The circumstances for wood production improves because the groundwater surface 
level lowers, the amount of oxygen increases near the surface of peat, heat conditions of soil become more like 
in mineral soil and the formation of peat ends (Päivänen 2007, p. 110 and 73). The decomposition rate of peat 
increases because the decomposition organisms are able to live in aerobic peat. Drained mires are more 
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susceptible to soil frost than undrained mires (Päivänen 2007, p. 74). Ditches will grow over and choke unless 
the removing of water (fixing of ditches) is not taken care of. Ultimately the position of the water table starts to 
rise, decreasing the wood production capacity, and number of trees may die for oxygen deficiency (Päivänen 
2007, p. 275 and 101). Most of the ditched mires are turned into ”transformed mire site forests” and ”peatland 
forests” (“muuttuma” and “turvekangas” in finnish) (Ruotsalainen 2007). “Transformed mire site forests” 
(muuttuma) are former ditched mires, whose surface vegetation have changed and tree growth is improved 
after the drainage of the site (Päivänen 2007, p. 138). Mire vegetation is still major, after 5-30 years of the 
ditching. ”Peatland forest” (turvekangas) are old ditching sites, whose surface vegetation have changed more 
like mineral soil vegetation. In the classification of the ditched mires, the type of “peatland forest” refers to the 
similar nutritional level classification as used in the mineral soils in Finland (Laine & Vasander 2005). For 
instance, nutritional level of the “Ptkg ll” (Table 1) is the same as “VT” (Table 1) of mineral soil.    
 
1.8 Theory 
 
In nature, soil microbes compete for limited resources and nutrients. Soil is a mixture of mineral and organic 
materials. Mineral soils have been formed of detached and grinded rock particles from bedrock. In Finland and 
other areas earlier covered by continental glacial, the formation of mineral soils has resulted during ice melting 
of the continental glacial. Peat soil represents an organic soil type, which (dry mass) consists at least 75 % of 
organic material (general definition). In mire (natural conditions), peat accumulates as long as plant production 
of new peat (carbon sequestration) is greater than the peat decomposition (Clymo 1984). Depending on the 
position of the water table, the organic matter is decomposed either aerobically or anaerobically. Anaerobic 
decomposition is done only by anaerobic bacteria, and the rate of anaerobic decomposition is very slow (Clymo 
1984). Ditching of mire decreases the groundwater surface level (even 0.5 m) (Ruotsalainen 2007) and the 
amount of oxygen increases near the surface of the peat layer (Päivänen 2007, p.110). Heat circumstances of 
peat soil become more like in mineral soil when the surface of the peat layer is not water saturated anymore. 
Because aerobic decomposition organisms are able to live in aerobic peat, the decomposition rate of peat and 
other plant litter increases (Päivänen 2007, p. 73). The growth of peat layer ends and the mire vegetation is 
developed towards mineral soil vegetation (Päivänen 2007, p. 205).  
H. parviporum damages in mire forests have not yet occurred in large scale in Finland (Uotila & Kankaanhuhta 
1999). Butt-rot damage due to Heterobasidion is reported to be less common on peatlands than in mineral 
lands (Mattila & Nuutinen 2007). The relative frequency of butt rot (mostly caused by Heterobasidion annosum 
s.l.) was higher on drained mire sites than on undrained sites (Kaarna-Vuorinen 2000). Mattila & Nuutinen 
(2007) found some of their results suggested that the risk of damage decreased if the site was drained.  
 
 
1.8.1 Study Questions  
 
Because human activity in non-ditched mires is low, the risk of H. parviporum becoming more common there 
might be small. General questions: Is Heterobasidion parviporum able to spread in drained (ditched) mire? 
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Could the fungi become a major threat as severe decomposer as it is in mineral soil forests? To answer these 
questions, two experiments; field- and laboratory studies were conducted. A primary objective is to evaluate 
the extent of decay losses caused by H. parviporum between the vegetation types; mineral soil, pristine 
undrained mire and drained mire?   
 
 
1.8.2 Hypotheses 
 
 l. Decay loss caused by H. parviporum for Norway spruce (Picea abies), is greater in mineral soil than in 
undrained mire (natural conditions) or in drained mire. 
 
ll. In drained mire, decay loss caused by H. parviporum, is greater than in undrained mire.  
   
lll. Laboratory experiment: Metabolites from soil microbes are able to inhibit growth of H. parviporum.  
 
 
 
2.0 Materials and methods 
 
 
2.1 Wood decay under field conditions 
 
The study area for the wood decomposition in the field experiment is located in the transition region between 
the southern and middle boreal zones of Southern Finland. The mire area complex called “Lakkasuo” in finnish 
is located in Hyytiälä. The Lakkasuo area was partly drained in 1961 (Nykänen et al. 1998). Duration of the field 
experiment was four months; June - September. The study area included undrained mire sites, drained mire 
sites and mineral soil sites (appendix 5, p. 42). Different forest sites were determined according to their 
drainage level and nutritional level/vegetation type. Four undrained mire sites, four drained mire sites and two 
mineral soil sites were chosen systemically for the study (Table 1). Their nutritional levels presented 
comprehensively from poor to rich nutrients/indicator vegetation. The experimental design was randomized 
block design, where the same kind of stands created a block (I. mineral soil, II. drained mire, III. undrained 
mire). Wood material used for the experiments was dry and decay free Norway spruce (Picea abies (L.) karst) 
sapwood. The wood was obtained from a tree that was earlier felled and cut in Hyytiälä. The wood material 
simulated dead spruce stumps and roots (without the heartwood). Mesh bag- or litter bag-method was used. 
Bocock and Gilbert (1957) first employed the litterbag technique (ref. Prescott 2005). The litterbag method has 
been used to study the decomposition rates of litter in many studies (Aerts & deCaluwe 1997, Hyvönen et al. 
2000, Palosuo et al. 2005). The idea is to bury mesh bags containing wood discs in forest soil, and later pick 
them up for further analysis. The used fungi, Heterobasidion parviporum was originaly isolated from 
Kuhmoinen, Finland (about 60 km from Hyytiälä). It was isolated from spruce (P. abies). Wooden spruce discs 
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were cut into approximately 1 cm
2
 chips. The wood chips were dried in oven at 65 °C for three days at dry 
weight and weighed after drying. They were weighed again after the experiment for determination of weight 
loss. Series of three wood chips were always weighed together to save time and to speed up data processing. 
Half of the chips were inoculated with H. parviporum and half were untreated control chips.  Chips for 
treatment were inoculated by exposing them for one week in culture plates Hagem-medium (pH 5.0) agar 
containing H. parviporum. The woodchips were put into mesh-bag which was sealed with cable tie and 
numbered. Size of the holes in mesh-bags was 1 mm
2
 in order to prevent material loss. The holes enabled 
fungal hypha, bacteria and microscopic animals free movement through the bag. The mesh-bags were buried 
roughly 10 cm deep in humus layer in three randomly chosen spots at the sites. Each spot included three series 
of mesh bags; each containing three mesh bags (treatment and control samples). Sample collection was done 
twice; the first after two months incubation, the second after four months. The samples were put on ice at first 
and at -18 °C in laboratory for further analysis. Fungal mycelium growing on chips was visually determined from 
the last collected samples.  
 
 
Table 1. The study sites 
 
 
 
Cajander (1909) divided mineral soil forests into forest-types based on their nutritional level (ref. Päivänen 2007).   
CT; Calluna vulgaris type is nutrient-poor stand. VT; Vaccinum vitis-idaea type is better stand than CT. MT; Vaccinum 
myrtillus type is better stand than VT. OMT; Oxalis acetosella V. myrtillus type is the most nutrition-rich/fertile stand in this 
study. Ombrogenous mires (bog) are poor in nutrients and minerogenous mires (fen) are relatively rich in nutrients. 
 
 
Vegetation Site 
no. 
Site description Nutritional level/ 
vegetation type 
Name in finnish (Laine 
and Vasander 2008) 
Comparison, 
ombro-
/minerotrophy 
 
Mineral soil 
1 Pine dominated mineral soil VT   
4 Herb-rich hardwood spruce 
dominated mineral soil  
OMT   Quite near to no. 
3.   
 
Mire 
(pristine) 
6  Cottongrass-pine-Sphagnum -
dominated mire (Bog) 
CT TR  
(tupasvillaräme) 
O 
5 Tall-sedge pine dominated 
mire (Fen) 
VT VSR  
(varsinainen sararäme) 
M 
7 V. myrtillus spruce dominated 
mire (Swamp) 
MT MK  
(mustikkakorpi) 
M 
3 Herb-rich hardwood-spruce 
dominated mire (Swamp) 
OMT Rhk  
(ruohokorpi) 
M  
 
Drained 
mire 
9 Former cottongrass-pine 
Sphagnum -dominated mire 
CT Vatkg 
(varputurvekangas) 
No.6.(O) 
10 Former tall-sedge pine 
dominated mire  
VT Ptkg II 
(puolukkaturvekangas 
2) 
No. 5.(M) 
8 Former  V. myrtillus spruce 
dominated mire   
MT Mtkg I 
(mustikkaturvekangas 
1) 
No.7.(M)  
2 Former herb-rich hardwood 
spruce dominated mire 
OMT Rhtkg 
(ruohoturvekangas) 
No.3.(M) 
16 
 
2.2 Wood decay under laboratory condition  
 
The field experiment was repeated under laboratory condition with some modifications. The soil material used 
was collected from the same sites, wood material (Picea abies (L.) karst) was same as in field experiment, and 
the same H. parviporum isolate. However, air and water temperatures were relatively stable room 
temperature. The purpose of this experiment was to study; if H. parviporum grows faster in the wood samples 
when other microbes are eliminated, this can be reflected as an increased decay loss for spruce. 
Eliminating/killing of the microbes was done by autoclaving soil samples from these sites. The control soil 
samples were not autoclaved. All the samples were inoculated with H. parviporum.   
Wood chips were dried for three days at 65 °C and weighed. Soil material (20g) collected from the sites was put 
into 100 ml flask. In flasks containing autoclaved or control samples, 5 ml water was added followed by three 
agar plugs (1 cm
2
) of H. parviporum. Flasks were sealed with cotton plug and covered with aluminium foil to 
minimize water evaporation from the flasks. The flasks were incubated at room temperature (18-23 °) for 4 
months. Amounts of hyphae were visually determined once a month. The flasks were categorized in five groups 
to visually assess the amount of hyphae. The groups were categorized as follows; 1. Soil fully colonized by very 
dense hyphae; 2. Soil moderately colonized by dense hyphae; 3. Soil partially colonized by hyphae; 4. Strands of 
hyphae around wood chips and the soil; 5. No hyphae in the soil or only wood chips are thinly colonized by 
hyphae.  
Additional 5 ml of sterile water was added (moisture) monthly if the soil was found to be very dry for fungal 
decomposition.  After four months, the flasks were stored at 4 °C for further analysis or dried to constant 
weight at 65 °C for 3 days. After drying, soil particles and fungal material were removed from the chips before 
weighing.   
 
 
2.2.1 Measurement of soil pH 
 
pH was studied to find out if that has an effect on decomposition. pH was measured from all the soil samples 
collected from the study sites. There were three randomly selected spots in a every site where the wood 
samples were buried, and the soil samples were collected from the same spots also. The soil samples were 
taken with small shovel from soil surface to a depth of approximately 10 cm. Dilution in the measurement of 
soil pH was 1:6; 1 part of soil and 5 parts of water. Five grams of soil was weighed and put into 250 ml flask 
followed by addition of 25 ml of distilled (Milli Q) water. This was mixed for 2-3 minutes and allowed to settle 
down for 2 min. pH value was thereafter measured. pH in a site was calculated as an average of three 
measurements.  
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2.3 Growth inhibition bioassays 
 
The purpose of this experiment was to study if there were water-soluble or acetone-soluble (organic) fungal 
growth inhibitory compounds in the peat.  Acetone and water soluble extractives were obtained from the 
various soil samples (collected from the 10 study sites).  The Fungal species used were Pythium sp. and 
Fusarium sp. because those are wide spread saprotrophs at nurseries in Finland. 
 
2.3.1 Extraction of Water- and Acetone- soluble compounds from soil samples 
 
Filter paper was cut into 1cm
2
 pieces. Soil samples collected from the sites were dried in fume hood for three 
days. The soil was sieved. The sieve hole size was 4 mm. Non-decomposed wood materials such as needles, 
sticks and roots were removed from the soil samples. Minerals such as sand or small stones that went through 
the sieve, were not removed. About 3 g of soil was put into sterilized 100 ml flasks and 30 – 45 ml of MQ-water 
was added.  The watered soil samples were mixed in shaker device overnight at the speed of 150 r/min. As 
much as possible, water was filtered from the soil through filter fabric. Approx. 2 g of untreated soil collected 
from the sites and the filtered water was put into new flask. The samples were kept overnight in the shaker 
device (speed 150 r/min). The water samples were filtered 3-4 times through paper filter in order to remove 
non-water-soluble fragments. The samples were centrifuged at 22 °C for 50 minutes at 10 000 r/min. The 
supernatant was gently pipetted into new 15 ml tubes without disturbing the pellets. The supernatant was 
again centrifuged for 25 min at 10 000 r/min. The samples were pipetted into numbered and pre-weighed 50 
ml tubes and their pH values were measured. pH values varied between 4.0 - 5.40. The tubes were kept in 
freezer overnight (at -80 °C), and they were kept in liquid nitrogen (at -180 °C) to keep them cool before putting 
them in freeze-drier. The tubes’ caps were replaced with perforated parafilm during freeze-drying. Perforated 
parafilm allows water to escape from the tubes. The frozen samples were dried in the freeze-drier for two days 
(at -24 °C, pressure 0.700 mbar). After the samples were taken out from the freeze-drier, they were stabilized 
at room temperature for 30 min. The tubes were weighed again to get the actual weights of the samples (dry 
weight). The weights of the water extracted samples were usually between 0.01- 0.05 g. The dried extractives 
were re-solubilized; 1 ml of water was added in the water treated drained extractives (the solution 
concentration were 1-5 %).       
 For the acetone -soluble extractives from soil samples, the soil samples were first dried. Non-decomposed 
wood materials were removed from the soil samples and samples were sieved. 0.5 gram of soil from each site 
weighed and put into 15 ml tubes. 5 ml of acetone (concentration 70 %) was added in to the soil samples and 
they were centrifuged for 5 min at the force of X 300 g (gravity). The concentration of acetone used was always 
70 %. The acetone was pipetted into 15 ml tubes without moving the soil. The same soil samples were 
dissolved three times altogether with acetone. Samples treated with acetone was poured into 50 ml tubes, 
which were numbered and weighed  The acetone was evaporated in fume hood until there were only dry 
extractives left. The tubes were weighed again to find out the extractive weights. Weights of the acetone-
soluble extractives were usually about 0.03- 0.05 g. The dried extractives were re-solubilized; 1 ml of acetone 
was added in the acetone treated drained extractives (the solution concentrations were 3-5 %). 
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2.3.2 The bioassays 
 
There were two bioassays: the bioassay on filter paper pieces with malt-agar, and the bioassay on wood chips 
with water-agar. The growth inhibition bioassays lasted for one month. During that time, the plates were 
inspected once a week in bright light conditions. The plates were studied to find out, if border zone (reaction 
zone) was formed between fungal mycelium and treatment sample, and between fungal mycelium and control 
sample. Effect of inhibition can be seen as border zone where fungal mycelium is not able to grow/ does not 
occur.  
 
 
2.3.2.1 Bioassay on malt-agar 
  
On malt-agar plates, fungi receive nutrients from malt-sugars; and only paper pieces (no easily soluble 
nutrients) were put on those plates. The treatment paper pieces were treated with resolubilized water- or 
acetone extracts, and non-treatment control papers were treated with pure MQ-water or pure acetone, 
depending on the solvent used earlier. Resolubilized water extractives were sterilized by filtering them through 
sterile filters (designed to kill microbes) in new 15 ml tubes. Pieces of filter paper (cut approx. 1 cm
2
) were 
moistened with water and sterilized in autoclave. They were dried in fume hood for one day. Malt-agar plates 
(Figure 2) were prepared (malt concentration 2 %). Two sterilized dry paper pieces were put at opposite edges 
(corners) of the plate. One paper piece represented the treatment (water- or acetone-extractive was added on 
that paper), and another paper represented the control (pure water or acetone was added on that paper). Only 
one solvent (e.g. acetone with extractives, and pure acetone) was added on one plate. 250 µl of extractives 
containing acetone (on treatment papers) and 250 µl of pure acetone (on control papers), or the same volume 
of extractives containing water or pure water was pipetted on paper pieces. Half of the malt-agar plates were 
inoculated with Pythium sp. fungi (in agar plug), and another half were inoculated with Fusarium sp. fungi. Agar 
plug containing the fungus was placed on the centre of the plate, and the fungal species was marked on the 
plate. In this bioassay, fungi should not be able to grow hyphae in treated papers, if the extracts have inhibitory 
effect on the fungi. In that case, fungal inoculum can not colonize the whole plate. 
 
 
Figure 2. Malt agar plate 
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2.3.2.2 Bioassay on water-agar 
  
On water-agar plates, fungi must receive nutrients from wood chips, and treatment chips were treated with re-
solubilized water- or acetone extracts, and non-treatment control chips were treated with pure MQ-water or 
pure acetone, depending on the solvent used earlier. Re-solubilized acetone soluble extractives did not need to 
be sterilized because 70 % acetone kills microbes. Wood chips (cut approx. 1 cm
2 
x 1 mm thick) were moistened 
with water and sterilized in autoclave. They were dried in fume hood for one day. Water-agar plates were 
prepared (Figure 3). Two sterilized dry wood chips were put at opposite edges of the plate. One wood chips 
represented the treatment (water- or acetone-extractive was added on that wood chip), and another wood 
chips represented the control (pure water or acetone was added on that wood chip). Only one solvent (e.g. 
acetone with extractives, and pure acetone) was added on one plate. 250 µl of extractives containing acetone 
(on treatment wood chips) and 250 µl of pure acetone (on control wood chips), or the same volume of 
extractives containing water or pure (MQ-) water was pipetted on the wood chips. Half of the water-agar plates 
were inoculated with Pythium sp. fungi (in agar plug), and another half were inoculated with Fusarium sp. 
fungi. Agar plug containing the fungus was placed on the centre of the plate, and the fungal species was 
marked on the plate. In this bioassay, no hyphae was exected to grow in treated wood chips , if the extracts 
have inhibititory effect on the fungi. 
 
 
 
 
 
Figure 3. Water-agar plate 
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3.0 Results 
 
3.1 Field experiment for wood decomposition 
 
3.1.1 Effect of sites and soil samples on weight loss under field condition 
 
Weight loss was the most important parameter in this study. Another parameter was pH-value, which was 
measured from the soil material. Weight loss was highest in mineral soil (Fig. 4), much higher in samples pre-
inoculated with Heterobasidion than in control. Weight loss documented in drained and undrained mire was 
comparable with or without prior colonization by Heterobasidion. The differences in weight loss between 
mineral soil and mire (drained and undrained) was approx. 2 % on the average.  Interestingly slightly higher 
weight loss was documented in control samples from site 8 compared pre-inoculated (Fig. 5). Higher weight 
loss was comparatively recorded in sites 1 and 4. The weight losses of each sample measurement are 
presented in the appendices 1-4 (p. 38-41).  
 
 
Figure  4. Weight losses of wood-samples between the vegetation types. Error bars show the level of standard deviations. 
 
 
 
Figure 5. Weight losses of wood-samples with standard deviations between the sites. Weight loss of treated samples in s. 1 
(min. soil) did not stand out much from s. 2 (drained mire) and s. 3 (undrained mire). Weight loss in s. 4 (min. soil) was the 
highest (11.3 %), which was caused by one observation.  
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3.1.2 Statistical analyses 
 
Nonparametric two-sample Mann-Whitney- and Kolmogorov-Smirnov -tests were used to study the treatment- 
and control-samples because of unequal variances. Two different tests were used to avoid possible statistical 
errors in assumptions. No statistically significant differences were found between the treatment and control; p-
values were 0.3. Normal distribution of the data was studied with the Kolmogorov-Smirnov and Shapiro-Wilk-
tests. No treatment or control sample was normally distributed; p-values >0.000. Because the data was not 
normally distributed and the amounts of samples were small, all the statistical analyses were done with 
nonparametric tests. Vegetation types were compared. According to nonparametric Mann-Whitney- and Two-
Sample Kolmogorov-Smirnov-tests, no statistically significant differences were found between mineral soil and 
undrained mire (p-values 0.2). No differences were found between mineral soil and drained mire (p-values 0.2). 
Also, no differences were found between undrained- and drained mire (p-values 0.3). The same nonparametric 
tests were done for the control samples. Mann-Whitney- and Two-Sample Kolmogorov-Smirnov- tests showed 
no significant differences between mineral soil, drained mire and undrained mire in control samples(p-values 
>0.7). No statistically significant differences of wood weight losses were found in the decomposition 
experiment done in field.  
 
 
3.1.3 pH 
 
pH was measured from the sites. The average pH between the sites was 4.1. Among the vegetation types, 
drained mire had the highest acidity on average, and mineral soil the lowest (Fig. 6). pH in drained mire was 
4.06, mire 4.16, and mineral soil 4.30. Correlation between the site pH and average weight loss percent was 
studied.  Nonparametric correlation was searched from treatment- and control-data. Spearman’s correlation 
test was used. There was positive correlation in both cases (between pH & treatment, and between pH & 
control). Value of correlation coefficient between pH and treatment (weight loss) was 0.53; p-value 0.12. 
Correlation between pH and control was 0.41; p-value 0.24. The treatment-data had slightly higher correlation 
than the control-data. The correlation was weak in both cases and p-values were not statistically significant, it 
was assumed there was no correlation between site pH and weight loss. No correlation was found between 
weight loss of samples and site pH in this experiment.  
 
 
Figure 6.  pH-values of the various sites. 
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3.1.4 Visual documentation of hyphal density on wood chips from field experiment 
  
Slightly higher hyphal density was found on the treatment- than control-samples. Amounts of hyphae for the 
vegetation type were calculated as an average of the treatment- and control-samples. More hyphae were 
observed on the samples from mire and drained mire than from the samples from mineral soil. Difference 
between drained and undrained mire was very small, so marginal that it was decided there was no difference. 
No hyphae were visually visible from some of the samples, which incidentally turned out to be slightly decayed. 
Because, the amounts of hyphae did not correspond to the weight losses of the sites, no figures were created 
from the hyphal amounts. The results of the amount of hyphae did not totally correlate with values for weight 
loss from the various sites.  
 
 
3.2. Laboratory experiment for wood decomposition 
 
3.2.1 Effect of sites and soil samples on weight loss under laboratory condition 
 
Weight loss was highest (Fig. 7) in autoclaved mineral soil and lowest in undrained mire. Weight loss was 
almost comparable between the vegetation types for un-autoclaved control samples. Weight losses in the sites 
are presented in the Fig. 8. Higher weight losses were observed in wood discs from in autoclaved soils from 
Sites 1(mineral soil), 2 (drained mire), 4 (mineral soil), 8 (drained mire) and 10 (drained mire). Comparatively, 
control un-autoclaved soils had lower weight loss of wood. Photos from autoclave treated soil and untreated 
control sample are presented in the figures 9, 10 and 11. 
 
 
Figure 7. Weight losses of wood-samples with standard deviations between the vegetation types. Treatment: weight loss 
between mineral soil (sites) and undrained mire (sites) was 13 % on average. Difference between drained and undrained 
mire was 8 % on average. Difference between mineral soil and drained mire was 5 %. Std. deviation of weight loss was 
highest in undrained mire (4.5 %). 
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Figure 8. Weight losses of wood-samples with std. deviations between the sites. Treatment: weight losses of mineral soil 
samples (s. 1, 4) were almost equal as weight losses of drained mire samples (s. 9, 10, 8, 2). 
 
 
Figure 9. Autoclave treated soil containing wood chips and high amount of fungal hyphae of H. parviporum. 
 
 
Figure 10. Bottom of the same flask (previous photo). 
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Figure 11. Untreated control sample. Only the wood chips were partly colonized by not dense hyphae in this sample. 
 
 
3.2.2 Statistical analyses 
 
Normal distribution was explored with Kolmogorov-Smirnov- and Shapiro-Wilk-tests. The treatment-data was 
possibly normally distributed according to the tests because no statistically significant differences were found 
(Table 2. and Fig. 12). The control-data was not normally distributed. Statistical tests used were nonparametric, 
caused by small data. Statistically significant differences were found between the treatment-data (autoclaved) 
and control-data (non-autoclaved) based on Mann-Whitney- and Two-Sample Kolmogorov-Smirnov-tests; p-
value < 0.000 (Table. 3 and Table. 4). Wood weight loss in treated soil-samples was greater than that in non- 
treated (control) soil-samples on average. Treatment: Significant differences of wood weight loss were found 
between mineral soil and undrained mire; p-values < 0.002. Significant differences were also found between 
drained mire and undrained mire; p-values < 0.03. Weight loss of wood was greater in drained mire than in 
undrained mire. Weight loss of wood was greater in mineral soil than in undrained mire. However, statistically 
significant differences were not found between mineral soil and drained mire; p-values > 0.1. The same 
nonparametric tests were also done for the control-data. Mann-Whitney- and Two-Sample Kolmogorov-
Smirnov- tests did not show significant differences in weight loss of wood in the control-data between mineral 
soil, undrained mire and drained mire; p-values > 0.1. Statistically significant differences of wood weight losses 
were found in the decomposition experiment accomplished in laboratory conditions.  
 
Table 2. Tests of normality for the treatment-data. Treatment data of the laboratory part of decomposition experiment 
might be normally distributed. 
 
Kolmogorov-
Smirnov
a
 Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Weight loss 
% 
,115 30 ,200
*
 ,970 30 ,546 
a. Lilliefors Significance Correction 
*. This is a lower bound of the true significance. 
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Figure 12. Histogram from the treatment-data. 
 
 
Table 3. Mann-Whitney test for treatment- and control-data. The test showed statistically significant differences between 
the treatment- and control-data. 
Test Statistics
a
 
 Weight loss % 
Mann-Whitney U 144,000 
Wilcoxon W 609,000 
Z -4,525 
Asymp. Sig. (2-tailed) ,000 
a. Grouping Variable: treatment 
 
 
Table 4. Two-Sample Kolmogorov-Smirnov test for treatment- and control-data. 
Test Statistics
a
 
 Weight loss % 
Most Extreme Differences 
Absolute ,733 
Positive ,133 
Negative -,733 
Kolmogorov-Smirnov Z 2,840 
Asymp. Sig. (2-tailed) ,000 
a. Grouping Variable: treatment 
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3.2.3 pH and site nutritional level 
    
Correlation between the site pH and average site weight loss was studied. Non-parametric correlation was 
searched from treatment- and control-data because the data was not normally distributed due to small sample 
size. Spearman’s correlation test was used. There was positive correlation between pH and treatment. 
Correlation was negative between pH and control. Value of correlation coefficient between pH and treatment 
(weight loss) was 0.52, p-value 0.13. Correlation between pH and control was -0.09, p-value 0.78. The 
treatment-data had better correlation than the control-data. The correlation was weak in both cases and p-
values were not statistically significant, it was assumed there was no correlation between site pH and weight 
loss. In this experiment, no correlation was found between weight loss of samples and site acidity (pH). The site 
nutritional level (CT, VT, MT, OMT) was not found to have an effect on the weight losses, according to the 
results of the decomposition experiments. 
 
 
3.2.4 Amounts of fungal hyphae  
   
Treatment (sterilized plus inoculation): Hyphae grew in almost all the samples after four months. Hyphae grew 
in the wood-samples and in the soil as well. In 60 % of the samples slow colonization of the samples by hyphae 
was documented. Rapid colonization was observed in 40 % of the samples. No remarkable changes in the 
amounts of hyphae was observed within the first month of the experiment., No trend was observed from ”the 
rapid colonization-group”;  where the sites were of different nutritional level in mire (drained and undrained) 
and mineral soil. The sites were divided into five groups based on the evaluated amounts of hyphae in the 
samples. Majority of the sites were categorized to belong to the group one: soil fully colonized by very dense 
hyphae (sites 1, 2, 4, 5, 6, 8, 10); two sites belong to the group two: soil moderately colonized by hyphae, but 
not dense (site 3 and 9); and group five had one site: no hyphae in the soil (site 7). For the control (unsterilized 
plus inoculation), similar results were obtained in all the control-samples after the experiment. No hyphae 
were found in the soil as mostly wood chips were colonized by hyphae.  About one third of the control-chips 
were colonized by hyphae with no hyphae observed in the soil from those samples. There were no remarkable 
changes in the amounts of hyphae during the measurement phase of the experiment in these control groups. 
Wood material was decayed even if the fungal mycelium was not visually observed. Based on this experiment, 
it seemed that the soil sterilization by autoclave treatment remarkably increased the ability of H. parviporum to 
colonize the soil-material.  
 
3.2.5 Bioassays of the extractives 
 
The results of the growth inhibition bioassays were all negative. No border-zone formation was observed in any 
sample despite the treatment. Fungal mycelium grew in treated- and control-samples approx. at the same 
speed. No inhibition effect was observed against Pythium sp. or Fusarium sp.  with water- or acetone-soluble 
compounds in these bioassays. 
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4.0 Discussion  
 
In this study Saprotrophic growth of Heterobasidion parviporum on spruce wood (Picea abies) in mineral soil, 
drained and undrained mire was investigated. No Significant differences were observed in wood weight loss 
between drained mire and mineral soil under field conditions. It is possible that there may be no differences, if 
the Norway spruce saprotrophic decomposition caused by H. parviporum on ditched mire stands, is generally 
on the same elevation as in mineral soil stands. Additionally the soil characteristics of the drained mire site is 
comparable to mineral soil site. Kaarna-Vuorinen (2000) found H. parviporum more common on drained mire 
sites than on undrained sites. Mire drying might increase the occurrence of mycorrhizal fungi and wood-
decomposing fungi (Peltoniemi et al. 2012). Majority of the vegetation on ditched mires were similar as on 
mineral soil compared to natural mire vegetation (Päivänen 2007, p. 138). Draining of mire improves the 
nutritional level of surface peat, increasing nitrogen and phosphorous amounts (Ruotsalainen 2007). In general, 
there is small amount of phosphorous in peat, which limits forest growth (Ruotsalainen 2007). It is also possible 
that there are differences, but they were not revealed in this study. Furthermore, four months may have been 
too short a period for wood decomposition under field condition. It is also possible that this study might have 
been too small in scale to comprehensively cover drained mire sites. Drained and undrained mire sites 
represented the most common nutritional levels from poor to rich (Laine & Vasander 2005). The most unfertile 
pine dominated lichen type, Cladina rangiferina (CIT) (Laine & Vasander 2005), was not included in this study. 
Only two mineral soil sites were included, but Calluna vulgaris (CT) and Vaccinum myrtillus (MT) types were not 
included. However, large scale and commercial loggings in the most nutrient poor forest sites are avoided in 
Finland (Mielikäinen 2002). The “MT” type might have been included because that is relatively rich in nutrients, 
and very common nutritional level/forest type in Finland. With longer wood incubation in field there may have 
achieved greater differences in weight losses, and greater differences between different sites and vegetation 
types.  
Wardle et al. (2003) studied litter decomposition in the forest with mixed litter, consisted of 
freshly senesced twigs and needles. They found P. abies litter mass loss was more than 20 % after one year. 
Vávřová et al. (2008) found after 4 years decomposition, pine (P. sylvestris) wood was decayed more than 40 % 
at south boreal zone. They estimated (based on their simulation) 95 % of pine fine wood material (diam. < 1-3 
cm) might be decayed after 60 years. In our study, the maximum P. abies weight loss of one sample on the field 
was >10 % (Appendix 1). In the study by Daniel et al. (1998), Heterobasidion species, tree species, the length of 
fungal incubation and experimental conditions together affected the weight loss and decomposition rate. The 
fungal incubation period in their study lasted for 5 months. Because there are so many variables affecting the 
decomposition, the length of the experiment must be evaluated so that it is “long enough”. In our study, the 4 
months period was probably not long enough. It is also however unlikely that differences in our study were not 
due to the methods used. Because vegetation characteristics revealed significant differences were found 
between mineral soil & pristine mire (natural conditions), and between drained mire & pristine mire. 
Differences were also found between mineral soil and pristine mire, because they differ significantly in soil and 
plant species. The soil collected from mineral soil sites contained mainly sand, small stones and humus. The soil 
collected from mire sites contained mostly living and dead (partly decayed) moss of Sphagnum spp. Various 
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litter types decompose at different speeds. “Generally, foliar litters decompose fastest, needles and graminoid 
litters second fastest while mosses and woody litters decompose slowest” (Peltoniemi et al. 2012). Soil had 
higher acidity on ditched and un-ditched mire than on mineral soil, which is in line with Minkkinen et al. (1999) 
study, where pH values in the surface of the peat (0-20 cm) were lowered with drainage. High soil acidity 
deteriorates the living conditions of H. parviporum on very acidic mire sites (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). It is possible that ditching of mire site 
forest in some cases increases the risk of H. parviporum damages. Mattila & Nuutinen (2007) presented a 
hypothesis that drainage and thickness of the peat layer may together have effect on the butt rot risk of mire 
stand. Since all the factors affecting H. parviporum occurrence are not well known, the issue requires further 
investigations.   
    Our results also revealed that under field conditions, the weight loss of pre-inoculated wood 
chips was not significantly different from the control. The inoculation of Heterobasidion treated wood was 
done one week earlier before soil incubation in the field. These possibly indicate that wood decay due to H. 
parviporum was comparable to that documented for other decomposer fungi in natural field conditions. This 
was however not surprising as the other naturally occurring decomposer fungi also had access to the H. 
parviporum pre-inoculated wood chips. Armillaria spp. and Stereum sanguinolentum are common butt rot 
fungi in Finland on P. abies, P. sylvestris and on deciduous trees (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm), and Fomitopsis pinicola is common 
saprotroph on coniferous and deciduous trees. Worldwide the spread of Armillaria species, including A. mellea 
and A. ostoyae, cause decay on conifers for instance in Japan (Hasegawa et al. 2011).  A. ostoyae was isolated 
from Picea abies, and A. cepistipes was isolated from P. abies and Pinus sylvestris in Japan. Saprotrophic A. 
cepistipes and the pathogenic A. ostoyae occur in many European countries, including Swiss Alps (Prospero et 
al. 2003). In the study by Arhipova et al. (2011), H. parviporum was the most common and S. sanguinolentum 
was the second most common decay causing fungi. Other common decay fungi which they isolated were F. 
pinicola, P. gigantea and S. sanguinolentum. Arhipova et al. (2011) also found Bjerkandera adusta and 
Gloeophyllum sepiarium in active decay columns in living P. abies stems, which are common saprotrophs in 
Finland as also previously reported by Niemelä et al. (2005). Mäkinen et al. (2007) studied artificial logging 
damage on P. abies and P. sylvestris in central Finland. The forest sites were in mineral soils and the forest 
types were all MT (Myrtillus type). The trees studied were 6-20 years after damaging roots collar or stem. They 
found P. sylvestris trees were decayed less and slower, and lower proportion of pines were decayed than 
spruces. They isolated mostly S. sanguinolentum from spruce, but no decay fungi were isolated from pines. 
They concluded P. sylvestris wood is more resistant to decay than P. abies. Majority (3/4) of the root injuries of 
spruces were caused by butt rot causing fungi in Mäkinen et al. (2007) study. Jaatinen et al. (2008) studied 
ectomycorrhizal fungi on northern boreal fen sites (ITS sequencing), and found species from the genus Laccaria 
and Russula. The ectomycorrhizal basidiomycete Laccaria bicolor can act as biotrophic or as free living 
saprotrophic decomposer (Martin & Selosse 2008, Martin et al. 2008, Vincent et al. 2012). L. bicolor might be 
able to uptake nitrogen from organic matter which it decomposes (Martin et al. 2008). That feature could be 
important in nutrient poor mire sites. Jaatinen et al. (2008) suggested some ectomycorrhizal fungi might 
become a decomposer saprobe in wet and low-oxygen conditions. Saprotrophic and pathogenic polypore 
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Resinicium bicolor, that occurs on many coniferous and deciduous tree species, might be weakly antagonistic 
on H. parviporum (Holmer & Stenlid 1997). The actinobacterial genus isolated from the Lakkasuo mire area, are 
Rhodococcus, Nocardia and Mycobacterium, which are common in soil and water (Peltoniemi et al. 2009). The 
bacteria Penicillium adametzii, isolated from soil, has been found to inhibit the growth of Heterobasidion 
annosum s.s (Szwajkowska-Michałek et al. 2012). “Exudates from the partly decayed wood may function as 
infochemicals, structuring microbial communities in wood” (Heilmann-Clausen & Boddy 2005).  
Changes in microbial communities in wood may increase or decrease the wood decomposition rate, depending 
on the circumstances, such as the chemicals and the occurring microbes. In conclusion, many naturally 
occurring wood decomposing fungi and other microbes may have affect on the wood decomposition of H. 
parviporum. 
    Wood on the site 4 had decayed more compared to wood decay on other sites in the field and 
laboratory experiments. Herb-rich hardwood spruce dominated mineral soil site was the most fertile mineral 
soil site (Oxalis acetosella Vaccinum myrtillus type). The site might have the most advantageous circumstances 
for H. parviporum compared to other sites, because it was relatively dry mineral soil site with high nutritional 
level. Wood had decayed less in field and laboratory on the site 1, which was another mineral soil site with 
lower fertility. Also, P. abies was the dominant tree species, which was the same as used in the experiments. 
There may occur other decomposer fungi specialized on Norway spruce. Peltoniemi et al. (2012) found litter 
quality had strong impact on the fungal communities. Arhipova et al. (2011) found highest butt rot occurrence 
on Hylocomiosa (27.2 %) forest site types, followed by Oxalidosa (23.7 %) types, Mercurialiosa (18.7 %), and 
butt rot was lowest on Myrtillosa (15.6 %) and drained peat soils of various forest types (15.8 %). In Latvia, 
there is different forest type classification than in Finland. In natural dry forest, forest types rich in nutrients to 
poorer are: Oxalidosa, Hylocomiosa, Myrtillosa; and Mercurialiosa represents the nutrient-richest forest type of 
drained mineral soils (Čeirāns 2004). Arhipova et al. (2011) measured 6-16 % standing volume losses (m
3
·ha
–1
) 
of butt rot decay on P. abies in various forest stands in Latvia. Undrained mires were not compared with 
drained mires in their study, but drained peat soils had lower butt rot frequency (in common) compared with 
mineral soil sites. But highest butt rot frequency in mineral soils was not the site with richest nutrients in their 
study. Also Mattila & Nuutinen (2007) found that probability of butt rot damage in the most fertile grove sites 
was lower than on less fertile herb-rich sites, suggesting that the site fertility might not be the most important 
factor affecting the butt rot frequency. However, if there were more mineral soil sites than two in our study, it 
would have been easier to see whether the same amount of decay H. parviporum caused was more common in 
various mineral soil sites compared to site 4 in our study.  
    Under laboratory conditions, wood decomposition was greater than that under natural 
conditions in the field. There were stable conditions in the laboratory. Temperature and humidity were stable 
and oxygen deficiency was not decreasing fungal growth. Wood decayed significantly more on the autoclaved 
soil than the wood on non-autoclaved soil because the autoclave treatment killed most of the soil microbes. 
Soil sterilization (e.g. with steam) is commonly used in commercial forest nurseries to eliminate unwanted fungi 
from the soil (Brulé et al. 2001). Autoclaving changes both mineral and organic components of soil (Salonius et 
al. 1967). Autoclave treatment of soil can result in the release of low molecular compounds, soluble forms of 
organic matter, saccharides and water extractable electrolytes (Salonius et al. 1967, Cawse 1969, ref. Kung 
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1973). Amino acids are more resistant to high temperatures (more than 100 °C) as proteins. Different amounts 
of the certain amino acids of plant proteins are destroyed and inactivated by autoclaving (Evans & Butts 1949). 
As sources of energy, carbon and nitrogen, the low molecular compounds may influence metabolic processes 
of microorganisms added to the sterilized soil (Kung 1973). Kung suggested the results of metabolic studies of 
the introduced microorganisms can be distorted when using autoclaved soil samples, because Kung found that 
biologically oxidizable substrates could be released during the autoclaving of soils. Brulé et al. (2001) concluded 
soil sterilization with autoclaving or irradiation may change chemical properties of the soil (sandy loam). 
Autoclave treatment is an efficient and much used method in sterilization of samples. To ensure its’ reliability 
in biological studies, the effects due to autoclaving should also be investigated in addition to the other 
sterilization methods. Non-sterilized wood discs had very low weight losses. The results appear to be 
comparable with the Heterobasidion treated wood on the field. The result could be possibly caused by 
inhibitory metabolites produced by the activity of antagonistic microbes. Many soil microbes are antagonistic. 
Antagonistic effect requires secretion of volatile and/or diffusible substances, as well as several extracellular 
metabolites (Heilmann-Clausen & Boddy 2005). Gorlach-Lira & Stefaniak (2009) isolated bacterial strains from 
the genus Pseudomonas and Arthrobacter, which showed antagonism to root pathogens (Pythium debaryanum 
and Fusarium oxysporum) in vitro. Usually, one or both of the interacting fungi form defensive zones in 
antagonistic interaction (Heilmann-Clausen & Boddy 2005). Humphris et al. (2001) found Trichoderma spp. 
produced secondary metabolite, heptanal and octanal, (aldehydes) that inhibited growth of the wood decay 
fungi: Neolentinus lepideus, Postia placenta, Gloeophyllum trabeum, and Trametes versicolor at concentration 
25 mg/L. The metabolites (sesquiterpene, pyrenophorol, and aliphatic polyketide compound) of foliar fungal 
endophytes isolated from Pinus strobus, were toxic against the rust Microbotryum violaceum and 
Saccharomyces cerevisae (Sumarah et al. 2011). The concentrations were approx. at 2-5 mg/L. The most 
important plant cell wall phenolics (ferulic-, caffeic- and p-coumaric acid) are reported to inhibit H. annosum 
and H. parviporum growth at concentration 250 mg/L (Asiegbu 2000). The low rates of wood decomposition by 
H. parviporum in our non-sterilized experiment, suggests that they are relatively weak saprotrophs of spruce. 
The non-autoclaved Heterobasidion inoculated wood-samples had decayed (6.4 %) much more  in the relatively 
stable conditions in laboratory conditions compared with decay of the Heterobasidion inoculated wood-
samples in field (3.9 %). The difference might be due to higher and quite stable room temperature (20°C), 
which was closer to the optimum temperature for Heterobasidion growth (22-28 °C) (Korhonen & Stenlid 
1998), than the fluctuating the soil temperature in the field study. Mean air temperature in Hyytiälä area from 
June to August in 1991 was 14 °C, according to Nykänen et al. (1998), and in the Lakkasuo mire area during the 
growing season in 2005-2006, it was 11.3-12.4 °C (Laiho et al. 2011). The Mean air temperature was probably 
the same or close to that temperature in Hyytiälä in 2009, when our field experiment was accomplished. In 
2009 the mean air temperature was about 6-9 °C degrees lower than the room temperature in the laboratory. 
    In laboratory conditions, wood samples of the sites 1, 4, 6, 5, 10, 8 and 2 with autoclaved soil, 
were decayed the most. Those sites included all the mineral soil sites, three drained mire sites and two un-
drained mire sites. All the sites of VT-type (Vaccinum vitis-idaea) were in this group (1, 5, 10). Only the sites 1 
and 2 were located closely, suggesting some similar features (correlation). At least those sites had the same pH, 
probably resulted by shared groundwater. Common features were not found between the sites 1, 4, 6, 5, 10, 8 
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and 2, but it is possible that the soil autoclaving killed most of the microbes occurred in the soil, which 
advanced H. parviporum growth and saprotrophic wood decomposition; showed as increased weight loss. The 
soil sterilization seemed to succeed on most of the samples of these sites. 
Soil autoclaving increased H. parviporum wood decomposition on most of the samples. Soil sterilization is 
reported to increase growth of plants (Al-Khaliel 2010), inoculated bacteria (Maron et al. 2008), and air 
dispersed protozoa and bacteria (Altenburger et al. 2010). In our study, on the sites 3, 7 and 9, soil autoclaving 
did not increase wood decomposition of H. parviporum significantly. The weight losses of wood on those sites 
were comparable with the wood weight losses on non-autoclaved soil. Those sites included two un-drained 
mire sites and one drained mire site with different nutritional levels and distant locations. The flasks used in 
this experiment were clean and sterile before adding soil. In the field, wood weight losses on the sites 3, 7 and 
9 were comparable to wood weight losses on the other sites, suggesting that there were not different fungal 
growth inhibitory substances on the soil in sites 3, 7 and 9, compared to the other sites. Heilmann-Clausen & 
Boddy (2005) autoclaved wood specimens twice with an interval of one day to achieve complete microbe 
sterilization. It is possible that the soil sterilization was not complete in all of the samples on the sites 3, 7 and 9 
in our study.  If the soil sterilization was successive in our experiment, another explanation might be that the 
fungal inoculations contained less vigor fungal mycelium compared to the other fungal inoculations. That might 
have been caused, if the agar plugs containing mycelium were collected near the edge of the plate, where 
there were less hyphae than near the center of the plate. Inoculated soil bacteria are reported to grow well in 
different sterilized soils by gamma-irradiation (Maron et al. 2008). Altenburger et al. (2010) found bacteria and 
protozoa, including flagellates, amoebae and ciliates, colonized autoclave sterilized soil fast (in one month), via 
the atmosphere. However, fungal colonization was not studied in their experiment. Plant growth is reported to 
improve on sterilized soil. Peanuts (Arachis hypogea L.) inoculated with arbuscular mycorrhiza, or without 
mycorrhiza, (Glomus mosseae or G. fasciculatum) grew more in autoclaved soils compared with non-
autoclaved soils, with no pathogens detected (Al-Khaliel 2010). However, plant growth is also reported to 
decrease on autoclave sterilized soils. On non-sterile soils, maize plants (Zea mays L.) inoculated with 
arbuscular mycorrhiza, (G. mossea, G caledonium, and G. etunicatum) grew more than on sterilized soils (Ortas 
2003). Daniel et al. (1998) recorded various genotypes of H. annosum or H. parviporum decomposed wood of 
P. sylvestris, P. abies, or Betula verrucosa, on autoclave sterilized soil approx. 0-60 %. Wood decomposition was 
not studied on non-sterilized soil,  these results however suggests that the soil sterilization might  increase or 
decrease the growth and wood decay of decomposer fungi, depending on the fungal species, genotype, tree 
species and soil properties. 
    Soil pH and weight losses did not correlate in our study. The pH measuring was accomplished 
very carefully, to eliminate errors in measurement. The pH meter was calibrated and its sensor was cleaned 
with pure water between the measurements. Site pH was an average of three measured soil samples collected 
from the site. The pH 3.9 was the same on the sites 7, 9, 10., and pH at 4.2 on the sites 1 and 2. The sites 1 & 2, 
and 9 & 10 were closely located, indicating correlation of pH between those sites. Jaatinen et al. (2008) 
measured peat pH 3.8-4.6 at the depth of 0-10 cm in northern boreal fen sites. In our study, sites’ soil samples 
were collected at the same depth and the pH:s were located on the level pH 3.8-4.6, including the mineral soil 
sites. However, only the site 5 was fen in our study, indicating pH can vary almost one pH unit on tall-sedge 
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pine dominated mire site, and possibly on other mire sites with different nutritional level as well. Jaatinen et al. 
(2008) found pH level increased (max. 0.8 pH unit at 30-40 cm depth) deeper in the peat layer. Variations in pH 
within sites could partly explain why pH did not correlate with wood decomposition in our study. Another 
reason might be that the used H. parviporum isolate might not be sensitive to soil pH 3.8-4.6. According to 
Korhonen & Stenlid (1998), different isolates of H. parviporum show high variations in reaction to pH. Still, very 
high or low acidity affects on Heterobasidion growth. pH 3.0 and 7.0 inhibit H. annosum growth (Asiegbu 2000). 
Extracellular phenol oxidases are involved in the decomposition of organic matter. Toberman et al. (2010) 
found phenol oxidase activity correlated positively with peat pH. They suggested pH might be a major factor 
which affects peat phenol oxidase activity on mires. Thus, there might be the dependence (but no correlation) 
between soil pH and organic matter decomposition. 
    In the fungal growth inhibition bioassay on malt-agar, the extracted substances did not have an 
inhibitory on the studied fungal species (Pythium sp. and Fusarium sp). It is possible that the concentrations of 
the extractives (1-5 %) in the solutions were too low to cause fungal inhibition effect. Szwajkowska-Michałek et 
al. (2012) found that concentration of extract, species and isolates have effected on the inhibition. H. 
parviporum can be effectively controlled by chemical urea solution at 30 % concentration (Metla 2010: 
http://www.metla.fi/metinfo/metsienterveys/lajit_kansi/heanns-n.htm). In Finland accepted fungicide, 
Azoxystrobin (of strobilurine class) is toxic to the different fungal species including, Alternaria, Collectotrichum, 
Cercospora, Mycosphaerella, Cladosporium, Myrothecium, Septoria, Peronospora, Collectotrichum, 
Phytophthora infestans, Sclerotinia sclerotiorum, and Botrytis cinerea (Tukes 2010: 
https://kasvinsuojeluaineet.tukes.fi/Product.aspx?tunnus=374). The fungicide can be used on many vegetables, 
crop plants and tree seedlings at concentration of 0.06-0.5 mg/L (0.06-0.5 %). However, the azoxystrobin is also 
toxic to human. More effective inhibition on the microbial species requires less substrate. In Heilmann-Clausen 
& Boddy (2005) fungal growth inhibition experiment, mycelial extension rates towards the samples (of wood) 
were measured in millimeters at intervals of 1-7 days, depending on the extension rates of the test fungi. 
Fungal growth measurement and shorter observation intervals in our study might have revealed possible weak 
growth inhibition, which are impossible to detect without measuring. On malt-agar with acetone, both 
Fusarium sp. and Pythium sp. grew slower compared with water, suggesting that the acetone might decrease 
fungal growth on the studied species. In addition, the acetone might inhibit the growth of many microbial 
groups. Trichoderma spp. produce acetone as a secondary metabolite, which (Humphris et al. 2001) inhibited  
growth of the polypore Postia placenta at high concentration, 2.5 g/L, and Gloeophyllum trabeum was inhibited 
slightly at the lower concentrations on malt-agar. However, they found acetone stimulates growth of Trametes 
versicolor and G. trabeum at high concentration. Ethanol has also been found to increase the growth of 
Fusarium avenaceum significantly in presence of sugars (Asiegbu 2000). However, with Fusarium inflexum and 
F. heterosporium, ethanol and chloroform (95 %) are reported not being effective on the formation of 
inhibition zone (Guler et al. 2009). It appears that acetone (and other alcohol solvents) might inhibit or 
stimulate fungal growth, depending on the species and the concentration of solvent. Nutrients may also have 
combined effect together with acetone (chemical reactions in nutrient solution) and/or fungi (no easily 
available nutrients versus energy from acetone). 
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    In the fungal growth inhibition experiment on water-agar, the results were negative as no 
inhibition was documented, suggesting that the used concentrations of the solutions may have been too low to 
have effect on the fungi. Thus, all the fungal inoculations succeeded in both of the inhibition experiments, 
because both Pythium sp. and Fusarium sp. grew on the plates. Chemicals, such as phenols are reported to 
cause an inhibition on certain microbial species. Phenols are toxic to plants and microbes. The most important 
plant cell wall phenolics (ferulic-, caffeic- and p-coumaric acid) inhibit Fusarium avenaceum growth at very low 
(0.025 %) concentration (Asiegbu 2000). Those acids are soluble in ethanol. Soil phenols, accumulated in the 
decomposition of organic matter, may inhibit plants (rice) growth, in high doses (Chandramohan et al. 1973). 
Phenols extracted from forest soils, leaf litter and fresh leaves were found to affect the development and 
growth of nematophagous (nematode feeders) and entomopathogenic (insect parasitic) fungi (López-Llorca & 
Olivares-Bernabéu 1997). They used water extraction technique in the extraction of water-soluble phenols 
from soil and leaf litter. Ohtomo et al. (2003) found soil particles of heavy clay and volcanic ash inhibited the 
bacterial species Escherichia coli colony formation. Szwajkowska-Michałek et al. (2012) found Penicillium 
adametzii, collected from forest soil, inhibits the growth of Heterobasidion annosum s.s. and two species of 
Armillaria. Guler et al. (2009) reported Fomitopsis pinicola being antagonistic to two damping-off plant 
pathogens of Fusarium sp. in vitro. Antimicrobial salts, aluminum chloride and sodium metabisulfite cause 
membrane damages on many species of bacteria and fungi, including F. sambucinum and H. annosum (Avis et 
al. 2009). Many chemicals and microbes are able to cause an inhibition on certain microbial species, and the 
concentration of chemical or biological substrate has an impact on the inhibition effect.  
 
 
 
Conclusions 
 
In this study, on mineral soil, Heterobasidion parviporum decayed Norway spruce (Picea abies) more than on 
non-drained pristine mire. No fungal growth inhibitory substances were detected from the extracts of soil of 
various pristine mire, drained mire or mineral soil sites. Generally, the results suggested that in unsterilized 
soils secreted metabolites from soil microbes may be able to inhibit saprotrophic growth of H. parviporum on 
wood.  
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Appendix 1 
Field experiment Treatment  
   Weight loss of P. abies in H. parviporum treated samples  
  Three chips weighted together 
    
   Site  Replicate Sample no. 
initial 
dryw.(g) final dryw.(g) w. loss g w. loss % 
1 1 2 1,46 1,42 0,04 2,98 
  2 6 1,62 1,50 0,12 7,67 
  3 8 1,24 1,20 0,04 3,13 
2 1 11 1,36 1,30 0,05 4,02 
  2 14 1,31 1,26 0,06 4,26 
  3 16 1,09 1,05 0,04 3,93 
3 1 21 1,28 1,25 0,03 2,69 
  2 24 1,28 1,19 0,08 6,55 
  3 27 1,28 1,23 0,05 3,66 
4 1 28 1,44 1,34 0,10 6,76 
  2 31 1,43 1,27 0,16 11,32 
  3 36 1,44 1,40 0,04 2,58 
5 1 39 1,26 1,21 0,04 3,24 
  2 42 1,35 1,30 0,05 3,47 
  3 45 1,35 1,31 0,04 2,99 
6 1 48 1,18 1,13 0,05 4,00 
  2 52 1,52 1,47 0,05 3,03 
  3 53 1,51 1,46 0,05 3,42 
7 1 55 1,38 1,33 0,04 2,99 
  2 60 1,25 1,21 0,03 2,72 
  3 62 1,20 1,16 0,03 2,67 
8 1 66 1,70 1,65 0,05 2,88 
  2 67 1,38 1,34 0,04 3,18 
  3 71 1,57 1,49 0,08 5,20 
9 1 75 1,28 1,24 0,04 2,99 
  2 77 1,20 1,15 0,04 3,65 
  3 79 1,38 1,34 0,04 3,16 
10 1 83 1,45 1,41 0,04 3,00 
  2 86 1,57 1,52 0,04 2,85 
  3 89 1,30 1,26 0,05 3,49 
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Appendix 2 
      Field experiment Control 
    Weight loss of P. abies in untreated samples 
   
   Site  Replicate 
Sample 
no. 
initial 
dryw.(g) final dryw.(g) w. loss g w. loss % 
1 1 2 1,55 1,49 0,06 4,12 
  2 6 1,08 1,05 0,02 1,96 
  3 8 1,34 1,29 0,05 3,75 
2 1 11 1,46 1,40 0,06 4,22 
  2 15 1,35 1,29 0,06 4,47 
  3 16 1,19 1,14 0,05 4,19 
3 1 21 1,29 1,26 0,03 2,48 
  2 22 1,14 1,10 0,04 3,66 
  3 25 1,24 1,19 0,05 3,67 
4 1 29 1,25 1,20 0,04 3,61 
  2 33 1,12 1,09 0,03 2,91 
  3 35 1,25 1,21 0,05 3,91 
5 1 39 0,88 0,84 0,04 4,01 
  2 40 1,15 1,11 0,04 3,34 
  3 45 0,96 0,93 0,04 3,82 
6 1 48 1,26 1,21 0,05 3,60 
  2 51 1,17 1,14 0,04 3,09 
  3 52 1,41 1,36 0,04 3,19 
7 1 55 1,04 1,00 0,04 3,65 
  2 59 1,27 1,23 0,04 3,27 
  3 63 1,30 1,24 0,06 4,68 
8 1 65 1,33 1,29 0,04 3,09 
  2 67 1,32 1,27 0,05 3,54 
  3 71 1,26 1,16 0,09 7,46 
9 1 74 1,07 1,03 0,04 3,64 
  2 77 1,08 1,04 0,04 3,37 
  3 81 1,45 1,40 0,04 2,88 
10 1 84 1,45 1,41 0,05 3,15 
  2 86 1,66 1,61 0,05 2,97 
  3 89 1,30 1,25 0,04 3,43 
 
 
 
42 
 
Appendix 3 
       Lab-experiment Treatment  
    Weight loss of P. abies in autoclave treated soil with H. parviporum   
  
   Site  Replicate 
Sample 
no. initial dryw.(g) final dryw.(g) w. loss g w. loss %   
1 1 1 1,50 1,23 0,27 18,09   
  2 2 1,13 0,84 0,29 25,31   
  3 3 1,20 0,94 0,27 22,26   
2 1 4 1,13 0,93 0,20 17,36   
  2 5 1,31 1,05 0,25 19,39   
  3 6 1,21 1,01 0,20 16,80   
3 1 7 1,34 1,29 0,05 3,37   
  2 8 1,19 1,10 0,09 7,42   
  3 9 1,26 1,13 0,13 10,33   
4 1 10 1,02 0,75 0,28 27,08   
  2 11 1,45 1,16 0,30 20,44   
  3 12 1,46 1,10 0,36 24,47   
5 1 13 1,40 1,21 0,20 14,05   
  2 14 1,09 0,89 0,21 19,01   
  3 15 1,35 1,20 0,15 11,14   
6 1 16 1,38 1,15 0,23 16,97   
  2 17 1,31 1,21 0,10 7,85   
  3 18 1,26 1,11 0,15 12,19   
7 1 19 1,19 1,17 0,02 1,85   
  2 20 1,37 1,21 0,16 11,52   
  3 21 1,64 1,63 0,01 0,61   
8 1 22 1,45 1,09 0,35 24,40   
  2 23 1,20 0,90 0,30 25,25   
  3 24 1,33 0,91 0,41 31,09   
9 1 25 1,32 1,23 0,09 6,89   
  2 26 2,00 1,75 0,25 12,65   
  3 27 1,12 1,08 0,04 3,56   
10 1 28 1,21 0,93 0,27 22,64   
  2 29 1,27 1,03 0,25 19,40   
  3 30 1,55 1,23 0,32 20,70   
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Appendix 4 
      Lab-experiment Control 
    Weight loss of P. abies in untreated soil with H. parviporum   
  
   Site  Replicate Sample no. 
initial 
dryw.(g) 
final 
dryw.(g) w. loss g w. loss % 
1 1 31 1,42 1,34 0,08 5,58 
  2 32 1,31 1,21 0,10 7,93 
  3 33 0,96 0,91 0,05 5,21 
2 1 34 1,21 1,13 0,08 6,79 
  2 35 1,24 1,17 0,07 5,32 
  3 36 1,23 1,16 0,06 5,30 
3 1 37 1,18 1,11 0,07 6,11 
  2 38 1,16 1,04 0,11 9,78 
  3 39 1,41 1,33 0,08 5,87 
4 1 40 1,28 1,15 0,13 9,96 
  2 41 1,38 1,28 0,09 6,76 
  3 42 1,28 1,16 0,12 9,01 
5 1 43 1,13 1,07 0,05 4,62 
  2 44 1,30 1,24 0,06 4,91 
  3 45 0,83 0,77 0,06 7,12 
6 1 46 1,12 1,05 0,07 5,90 
  2 47 1,25 1,19 0,06 4,63 
  3 48 1,41 1,33 0,08 5,69 
7 1 49 1,12 1,04 0,08 7,24 
  2 50 1,38 1,31 0,06 4,72 
  3 51 1,07 0,98 0,09 8,26 
8 1 52 0,97 0,92 0,05 5,08 
  2 53 1,49 1,38 0,11 7,33 
  3 54 1,26 1,18 0,09 6,74 
9 1 55 1,33 1,28 0,05 4,06 
  2 56 1,20 1,05 0,15 12,20 
  3 57 1,33 1,26 0,07 5,56 
10 1 58 1,24 1,19 0,05 3,95 
  2 59 1,28 1,21 0,07 5,41 
  3 60 1,71 1,61 0,10 5,85 
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Appendix 5  
Map of the study sites 
 
